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Full scale counts: 1849 Base(1) Cursor:  10.230 keV
5 Counts

=

30kV  X10,000 1um 12 30 SEI

kim-1-H keV




$ % &
O (

% &/
% +/,
0 )1 2+3,

4 + 3,




0/-




/O™

%










12 3

% *

11 D9
E ) D,Fn
% G * .D;$3

G) # *#-D 9H $ ;

@ * -D,9":

03:




Knoll e Ruska em Berlim nos anos 1930
Williams e Carter, 2009
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1° MET

http://www.wikipedia.org










Aspecto interno e externo de uma lente magnética

Williams e Carter, 2009




Feixe coerente incidente

Elétrons retroespalhados Eletrons secundarios
Raios-X Caracteristicos

Raios-X Continuos

Elétrons Auger Luz

Elétrons espalhados

elasticamente Elétrons espalhados

inelasticamente

Feixe direto




Williams e Carter, 2009













Precipitados em aco CrMo

Williams e Carter, 2009
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Williams e Carter, 2009
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Williams e Carter, 2009




A figura de difracao
e a formacao de
Imagem

Williams e Carter, 2009
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Plano Imagem Plano Focal




Plano Imagem Plano Focal




Yo ,

Rd=L/

Williams e Carter, 2009
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Carbono amorfo Regido policristalina

Williams e Carter, 2009
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Abertura SAD no plano Imagem Menor abertura ~ 10 mm
Aumento de aprox. 25x (M) Resolucédo ~0,5 nm

Plano da Amostra Plano Focal
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Williams e Carter, 2009




Campo Claro: Toda imagem que inclui o feixe direto
Campo Escuro: Toda imagem que deixa de incluir o feixe direto

Williams e Carter, 2009




Plano da Amostra Plano Focal




Plano da Amostra

Plano Imagem Plano Focal




Precipitado V4C. e seu
padrao de difracao.

Nanoestrutura de ZnO

Precipitado V4C, e seu
padrao de difracao.

Williams e Carter, 2009







Plano da Amostra

Plano Imagem Plano Focal










Plano da Amostra

Plano Imagem Plano Focal
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Plano da Amostra
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Williams e Carter, 2009

CG em Ge

CG em Si;N, com camada amorfa

Interface entre NiO e NiAl,O,




Deposicéo por
sputtering a 200°C

Qin et al. 2009
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Revestimento

Interface

Qin et al. 2009

Vidro
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Pei et al. (2005)
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Pei et al. (2005)
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Particulas de YSZ sobre safira, setas indicam spots de ZrO, sobre Al,O,4
mostrando a relac&o de epitaxia

Thune et al. (2009)
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Williams e Carter, 2009




Williams e Carter, 2009
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Williams e Carter, 2009




Pt em filme policristalino de Al,O4
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BF-STEM
Diffraction contrast &
phase contrast
ADF
HAADF
HAADF
Strain contrast
sensitive
“Z” contrast
Gatan
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TEM — Contraste de difracao
Defeitos em Si com Bi implantado

STEM — Contraste de Z
Claro na regiao com Bi implantado

Williams e Carter, 2009




Williams e Carter, 2009

Se:

1= s€ 1= s
as condicoes de operacao
em TEM e STEM seriam
idénticas. Como isso €

impossivel, faz-se:

s= 1€ s~ 7
Atraves do principio da
reciprocidade, sabe-se que
se 0s caminhos dos raios
contém angulos equivalentes
em algum ponto de um
sistema otico, o contraste da
imagem sera idéntico.
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TEM STEM
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Williams e Carter, 2009
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Williams e Carter, 2009
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STEM BF image

Specimen : 64MB DRAM
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Williams e Carter, 2009
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Equipamento:
FEI Titan G2 com tecnologia
ChemiSTEM




Resolucéao

Ry = (02 + )

R: d+RMax
2

Williams e Carter, 2009
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Equipamento:
FEI Titan G2 com tecnologia
ChemiSTEM

Titanato de estréncio (0,075 A/pixel)

GaAs [110] Dumbbels com espacamento de 1,4 A
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#HI

intensity

4735x background EEL spectrum of a 20 nr‘n thin TiC specimen
zero-loss -
peak core excitations
valence extended fine
L structures (EXELFS)
excitations ‘ >
—>
—
near-edge fine
structures (ELNES)
0 100 200 300 400 500 600

Energy Loss (eV)
Zero loss peak / plasmon peak: espessura da amostra

Valence excitations: densidade eletronica das bandas de conducé&o/valéncia, medida de
band gap, efeitos de polarizacéo, efeitos dielétricos

Core excitations: ldentificacdo e quantificacdo de elementos, investigacdo do ambiente
eletrénico incluindo nimero de coordenacéo, estado de valéncia e tipo de ligacdo atdmica

Mapeamento elementar

Gatan




Microscope
column

Post-column
spectrometer

—

'

—

Inelastic scattered
e's are dispersed

according to their

energy losses

spectrum mode

Simply speaking, the major
function of an EELS
Spectrometer (GIF/PEELS) is
dispersing the  scattered
electrons according to their
lost energies into a spectrum.

ﬁELS spectrum
ojected onto CCD

Final EELS
readout

Gatan
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Sensibilidade a composicdo quimica

Gatan
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Sensibilidade ao estado de oxidacéo

Gatan
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Microscope
column

Post-column
spectrometer

—

i

—

Inelastic scattered
e's are dispersed
according to their
energy losses

Energy-selecting
slit inserted

image mode

Energy filtered TEM (EFTEM): select the electrons with
certain energy losses for imaging.

EFTEM has many uses, based on the wealthy
information on EELS :

Contrast enhancement in imaging & diffraction

zero-loss filtering; most probable loss imaging;
contrast tuning; pre-carbon imaging

Elemental mapping/Jump ratio imaging
3 window method; 2 window method
Chemical mapping

Zere loss filtered image
projected onto CCD

Gatan




C-K map N-K map O-K map Al-K map

Si-K map Ti-L2,3 map W-M map Overlap all Element

Image size : 1024 x 1024 pixels Specimen : SRAM Jeol
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Kikuchi pattern
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Correlation index ~
Acquired pattern N !

Stereographic projection
Degree of matching between experimental patterns and
simulated templates is given by a correlation index ; highest (example ,cubic)2000 simulated patterns
value corresponds to the adequate orientation/phase




200 Nanomegas/Grenoble INP

y — Corrected intensity profile
== Template
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Nanomegas/Grenoble INP
111

110

Diffraction pattern correlation index = 585

( nanocrystalline cubic copper)
Correlation index map
For a given ED pattern, the correlation index map is calculated for all possible template orientations and plotted on a map

that represents a portion of the stereographic projection (reduced to a double standard triangle). That resulting map reveals
the most probable orientation for every experimental spot ED pattern ( in this case ED pattern is found to be close to 110

ZA orientation )




% $&&'$( )




H o+ 1

% 234 . % 01&

% $&&'S( L) o

I+ ,+ -53&




reliability
70 70
60 4 AT RHTHATHRIEHREEED 60
S 50- , -50 =
1 ()]
o) : S
= 40 : - 40 ,3
g ' Q
230 . 1305
—_— [ 5
3 : S
R : - % e
o 10 | . Reliability 10 Fe - 60 ppmC severely deformed
y - € - Misorientation
0@ z ; ; 0
0 100 200 300 400 Bright field
Position (nm)
Orientation
map
Grain




2 <(IK= 2 + L

Micrografia de MET de Zr-2,5Nb CR

Mapa de Fases

vermelho — fase Micrografia de STEM e EDS de Zr-2,5Nb
Ciano — fase Companhoni, Matheus, Marcondes e Pinto, J

Mapa de orientacao _
Mater Sci DOI 10.1007/510853-012-6454-7







Nanomegas/Grenoble INP

DP <111>
Granada de
uvarovita
(CazCr,(Si0,); sem
precessao

DP <111>
Granada de uvarovita
(Ca3Cr2(Si04)3 com

precessao
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Zagonel et all.




Williams e Carter, 2009
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Chapman e Scheinfein, J. Mag. Mag. Mat 200 (1999) 729-740
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Contraste de Fresnel

Williams e Carter, 2009




T

Contraste de Fresnel

Williams e Carter, 2009
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E necessario trabalhar com uma lente
objetiva que tenha menor campo
magnético de modo a nao alterar os
dominios magnéticos da amostra

Imagem de Foucault
DF centrada

Williams e Carter, 2009
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Imagens de Foucault de Fe puro
utilizando os diferentes quadrantes de
um detector de estado solido obtidas

emum STEM

Williams e Carter, 2009







http://www.nobelprize.org
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Obrigado pela atencao'!

www.cbpf.br/labnano

Contato:
André L. Pinto
pinto@chbpf.br
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